The technological effects of Makgeolli lees fiber (0, 0.5, 1.0, 2.0, and 4.0%) on chicken salt-soluble breast meat proteins in a model system on proximate composition, physicochemical properties, and textural properties were investigated. Makgeolli lees fiber was obtained from Makgeolli brew processing, and the by-products showed good dietary fiber. The moisture and ash contents, water holding capacity, redness, yellowness, hardness, and apparent viscosity of chicken salt-soluble meat protein heat-induced gel systems with Makgeolli lees fiber were all higher than the control without Makgeolli lees fiber. However, protein solubility and electrophoretic patterns did not differ among the control and treatments with Makgeolli lees fiber samples. The chicken salt-soluble protein heat-induced gel systems incorporating Makgeolli lees fiber had improved water holding capacity, textural properties, and viscosity due to Makgeolli lees fiber addition. These results suggest that the addition of 4.0% Makgeolli lees fiber to gel is helpful to improve the physical properties of heat-induced gels.
Introduction
The gel formation property implies partial denaturation of protein followed by irreversible aggregation, which results in a three-dimensional network (Choi et al., 2011; Lanier et al., 2004) . The heat-induced gelling properties of chicken salt-soluble muscle proteins are the most important functional properties in processed meat products (Smith et al., 1998) . The meat proteins remain soluble until heated to 60-70 o C, when heat-set protein gelation occurs (Choi et al., 2011) . The gelation of saltsoluble proteins during the heating process is primarily responsible for water and fat stabilization (McCord et al., 1998) . In general, muscle proteins can be separated to three groups based on solubility: sarcoplasmatic (watersoluble), myofibrillar (salt-soluble), and stromal (insoluble) proteins (Xiong, 1997) . The total muscle protein is composed of approximately 60% salt-soluble myofibrillar proteins (Koohmaraie et al., 1984) . The addition of saltsoluble myofibrillar proteins results in gel formation (Choi et al., 2011; Wang et al., 1990) and are most important during meat processing due to their ability to produce three-dimensional gels upon heating (Verbeken et al., 2005) . Choi et al. (2011) investigated the effect of rice bran fiber on the gelation of mixed pork salt-soluble myofibrillar proteins and reported that mixed protein samples displayed improved gel characteristics after rice bran fiber treatments. DeFreitas et al. (1997) demonstrated the influence of added carrageenan on the gelling characteristics of pork salt-soluble meat proteins in model systems. The physical properties of gel systems are also affected, and can be improved, by the concentration of edible seaweeds that is used (Cofrades et al., 2008) . The threedimensional gels greatly influence the yield and textural properties of processed meat products. The gelling forms a three-dimensional structure related to a polymerization reaction between the protein molecules. Reduced-fat or low-fat meat products may be partly substituted by water and isolated soy protein, carrageenan, maltodextrins, chitosan, and dietary fiber, which helps improve emulsion stability and textural properties (Chin et al., 1999; Choi et al., 2010a; García-García and Totosaus, 2008; Park et al., 2004) .
Makgeolli lees fiber has so far been of limited use in the food industry as a fiber source (Choi et al., 2010b) . A great deal of Makgeolli lees is produced annually in Korea, and the by-products of Makgeolli brew processing are commonly used as animal feeds or fertilizers (Blandino et al., 2003; Choi et al., 2010b , Lee et al., 1996 . Makgeolli lees provide dietary fiber, proteins, minerals, vitamins, alcohol, and organic acids that are recognized and increasingly sought for improved human health (Jeong and Park, 2006) . However, dietary fiber sources such as Makgeolli lees are not only desirable for their nutritional properties but also for their functional and technological properties. Also, the influence of Makgeolli lees fiber on the functional properties of chicken salt-soluble meat proteins is not clearly understood. It is not known whether the Makgeolli lees fiber interacts directly or indirectly with the chicken salt-soluble meat proteins during gel network formation (Choi et al., 2011; McCord et al., 1998) .
The objective of this study was to investigate the gelling properties of chicken salt-soluble proteins as affected by various levels of Makgeolli lees fiber, and to contribute to the developments of a salt-soluble chicken protein model system.
Materials and Methods
Preparation and processing of Makgeolli lees fiber extract Dietary fiber was extracted using the modified AOAC enzymatic-gravimetric method (AOAC, 1995; Choi et al., 2009) 
Protein extraction
Fresh chicken breast meat (M. pectoralis major) was purchased from a local processor. Chicken breast meats were initially ground through an 8-mm plate and then ground through a 3-mm plate. The ground tissue was then placed in polyethylene bags, vacuum packaged using a vacuum packaging system (FJ-500XL, Fujee Tech, Korea) and stored at 0 o C until required for salt-soluble protein manufacture. The samples were allowed to equilibrate at 2 o C and the meat pH was determined with a pH meter (Model 340, Mettler-Toledo GmbH, Switzerland) after mixing 10 g of ground muscle with 90 mL deionized-distilled water for 1 min. One part meat and two parts 0.58 M saline (0.49 M NaCl, 17.8 mM Na 5 P 3 O 10 and 1 mM NaN 3 , pH 8.3, 2 o C) solution of the same ionic strength and pH were blended for 30 s in a blender. The slurry was kept at 2 o C for 1 h and then centrifuged (12,000 g, 2 o C) for 1 h in a Supra 25 K high speed refrigerated centrifuge (Hanil Science Industrial, Korea). The protein extract was strained through three layers of cheesecloth (Camou et al., 1989) . Protein concentrations of the meat solids and supernatant were determined using a Kjeltec® 2300 nitrogen analyzer (Foss Tecator AB, Sweden). Nitrogen was converted to protein by multiplying by 6.25. Moisture and fat determinations were performed by AOAC (1995) methods.
Gel preparation
Chicken salt-soluble meat protein solutions were diluted to 5% protein with a saline solution of the same pH (6.0) as the protein extract, transferred to glass gelling tubes, and various amounts of Makgeolli lees fiber were added. The sealed tubes were centrifuged at 800 g for 15 min at 4 
pH
The pH values of sample were determined with a pH meter (Model 340, Switzerland) . The pH of the gel was measured after blending 5 g of
